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@ Polyester film. 



@ The Invention relates to films of linear polyes- 
ter containing glass spheres having a certain 
particle size distribution and in a certain 
amount. The addition of the glass spheres im- 
proves, inter alia, the dynamic coefficient of 
friction of the film. Preferably, a second film 
additive, fumed silica, of a controlled particle 
size distribution and weight is added to the fQm. 
The addition of the turned silica improves, inter 
alia, the static coeffictent of friction of the film. 
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Films or sheets of linear polyester have been 
commercially available for many years. The film has 
excellent draw orientation and has proved to be espe- 
cially well suited for the biaxial film orientation process 
resulting in films of outstanding properties. The film is 
also known as polyethylene terephthalate or PET and 
is strong and has excellent inherent chemical and 
thenmal stability properties. The polymer preparation 
and film manufacturing processes are well known to 
those skilled in the art and are recited in many texts, 
including the Encyclopedia of Polymer Science and 
Engineering, second edition, volume 12, by John 
Wiley and Sons. Inc., pages 1 through 313; and 
numerous patents. 

The myriad uses of polyester film have resulted in 
the need for modification of the basic film to provide 
special properties such as improved slip and 
improved release properties. The control of surface 
slip is one of the prime requirements for the commer- 
cial use of polyester film. Slip is critical to the proces- 
sability of the film, especially thin film. In the past, slip 
has been controlled by incorporating organic and inor- 
ganic fillers to enhance surface roughness. However, 
the addition of these additives has caused increased 
haze in the film. These addith^es Include inert particles 
such as silicas, china clay, aluminium silicates, cal- 
cium phosphates and glass particles. The addition of 
these fillers improves the winding and slitting proper- 
ties of the polyester film, however, their presence in 
the film produces large surface asperities which 
makes polyester film unsuitable for demanding appli- 
cations such as when the film is metallised with alumi- 
nium or gold and an absolutely smooth metallised 
surface is required. Examples of metallised filnns 
requiring a smooth surface are polyester films used 
for solar window applications or certain fQms deman- 
ding certain aesthetic properties. 

US Patent 4,274,025 teaches a linear polyester 
film containing particles of inorganic material that has 
an improved resistance to fibrillation, delamination, 
and tearing. Included is a listing of the inorganic mate- 
rials synthetic silica, calcium borate, calcium carbo- 
nate, magnesium carbonate, barium sulphate, 
calcium or aluminium silicate and glass beads. The 
particle size for the inorganic material is between 2 to 
10 microns, but the amount of additive is stated to 
range between 2000 to 9000 parts per million (ppm) 
based upon the weight of the film. The patent teaches 
that adding less than 2000 ppm does not render the 
film surface sufficiently rough to promote a satisfac- 
tory sliding action for good slip orfrictional purposes. 
Quite surprisingly, the linear polyester film of the pre- 
sent invention has excellent slip properties and it con- 
tains glass spheres in an amount 1 000 times less than 
taught for US 4.274,025. 

US Patent 4,375,494 teaches a polyester film 
composite of a highly crystalline, moleculariy oriented 
first layer of linear polyester, a heat sealable second 



layer, adherent to the first layer, of an amorphous 
linear polyester. The second layer contains from 50 to 
2000 ppm (based upon the weight of the second layer) 
of a finely-divided particulate additive having an aver- 

5 age particle size in the range of 2 to 10 microns 
together with 1,000 to 10,000 ppm (based upon the 
weight of the second film) of smaller, finely divided 
particles having an average particle in the range of 
0.005 to 1.8 microns. Both particulate additives are 

10 substantially uniformly dispersed throughout the sec- 
ond layer. The particulate additive is stated to be 
natural or synthetic silica, glass beads, calcium 
borate, calcium carbonate, magnesium carbonate, 
barium sulphate, calcium silicate, calcium phosphate, 

15 aluminium trihydride, aluminium silicates and titanium 
oxide or certain polymeric materials. Ideally, the par- 
ticles are substantially spherical in shape. The addi- 
tion of the additives to the second layer results in a film 
having improved handling, heat sealing properties, 

20 and anti-blocking properties. The amount of additives 
used in the film composite of this patent are much gre- 
ater than the amount of additive material that has 
been found to be useful in the practice of the present 
invention. 

25 

Summary of the Invention 

The present invention relates to films or sheets of 
linear polyester containing glass spheres having a 

30 certain particle size distribution and in a certain 
amount based upon the weight of the polyester film. 
The addition of the glass spheres improves several 
properties of the film, including the dynamic coeffi- 
cient of friction. 

35 Preferably, a second additive, fumed silica, of a 

controlled particle size distribution and weight is 
additionally added to the film. The addition of the 
fumed silica additionally improves several properties 
of the polyester film, including the static coefficient of 

40 friction of the film. 

Detailed Description of the Invention 

One embodiment of the present invention relates 
45 to a film of a linear polyester containing minute glass 
spheres having an average particle size of about 2 to 
about 3 microns (D50 = 2-3 microns) and a particle dis- 
tribution as follows: 99.9% below about 8 microns 
(^m), 75% below about 5 microns, and 50% below 
so about 2 microns. The glass spheres are present in an 
extremely small amount that ranges between about 1 
part per million (ppm) to about 30 parts per million 
based upon the weight of the film; preferably the 
amount of glass spheres ranges between about 3 
55 ppm to about 30 ppm and more preferably the amount 
ranges between about 6 ppm to about 20 ppm per 
weight of the f9m. 

A film of linear polyester containing glass spheres 
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of the above described particle distribution and weight 
will have improved handling properties, such as 
improved winding and slitting properties. As an 
improvement over prior art films of polyester having 
incorporated therein particles having similar particle 5 
size glass spheres but being present in very large 
amounts ranging from 0.2 to 0.9 percent by weight 
based upon the weight of the film, the film of the pre- 
sent invention does not have large surface asperities 
which render the film undesirable in certain appli- io 
cations such as where a smooth metallised film com- 
posite IS requiried. For example, the film of polyester 
of the present Invention when subsequently metal- 
lised film will be free of defects such as winding faults, 
blocking pimples, arrowheads or needles on the film is 
surface. 

Another embodiment of the present invention 
relates to a film of polyester containing the above des- 
cribed glass spheres In the particle size distribution 
and weight as described in the first embodiment and, 20 
in addition, containing as a second film additive 
agglomerated fumed silica particles having a particle 
size distribution of 100% below one micron with the 
average partide size range being between about 0. 10 
to about 0.50 microns and in an amount that ranges 25 
between about 0.01 to about 0.02 percent (%) by 
weight based upon the weight of the film. Preferably, 
the particle size distribution of the agglomerated 
fumed silica particles is 100% below one micron with 
the average particle size ranging between about 0.20 30 
to about 0.40 microns. Preferably, the amount of 
fumed silica that Is present in the film ranges between 
about 0:015 to about 0.018% by Weight based upon 
the weight of the film. Preferably, the particle size dis- 
tribution of the agglomerated fumed silica particles is 35 
1 00% below one micron with the average particle size 
ranging between about 0.25 to about 0.35 microns. 
The individual or discrete fumed silica particles that go 
into the above described agglomerates of fumed silica 
particles generally have a particle size of around 0.05 40 
microns. However, as discussed previously, fumed 
silica rarely exists as such small, discrete particles. 
Such small sized particles usually exist as agglomer- 
ates of 2 or more discrete partides. 

Film of polyester having both the glass sphere 45 
and fumed silica additives will have a refractive index 
that is very dose to the refractive index of biaxially 
oriented polyester film containing no additives. Such 
film is very, very dear and thus it has a minimum 
amount of haze. Also, the addition of the fumed silica so 
in the partide size distribution and amount described 
above results in a film having an improved static coef- 
ficient of friction. 

The glass spheres that are useful in the practice 
of the invention are commercially sold and have a par- ss 
tide size distribution as measured by conventional 
apparatus such as a Malvem partide size analyser. 
The glass spheres are a solid glass sphere and are 



not limited to any chemical composition and they can 
have either a smooth surface or an etched surface. 
The surface can be etched by contacting the glass 
spheres with nitric acid for a time sufficient to give the 
desired degree of etching of the surface. The glass 
spheres having the etched surface are preferred. The 
glass spheres are substantially spherical in shape 
with the partide size in microns refem'ng to the diame- 
ter of the glass spheres. Prefen'ed glass spheres are 
sold under the trade name Spheriglass and are sold 
by Potters Industries Inc., an affiliate of the PQ Cor- 
poration. 

Fumed silica is formed when silicone tet- 
rachloride reacts in a hydrogen fiame to form single, 
spherical droplets of silicone dioxide. These grow 
through collision and coalescence to form larger drop- 
lets. As the droplets cool and and begin to freeze, but 
continue to collide, they stick but do not coalesce, 
forming solid aggregates which in turn continue to col- 
lide to form clusters which are known as agglomer- 
ates. The partide size for the fumed silica refers to the 
partide size of a single cooled spherical droplet 

The required quantities of glass spheres and 
fumed silica can be added to the film of polyester 
forming material at any point in the film manufacturing 
process prior to the extrusion of the polymer. In the 
general practice of this invention, it is preferred to 
incorporate the glass spheres and fumed silica parti- 
cles into the polyester during Its production by 
polymerisation. A convenient procedure is to add the 
partides to the polycohdensation mixture used for the 
production of the polyester. It has been found particu- 
lariy desirable to add the glass spheres and fumed 
silica during the manufacture of the polyester polymer 
as a slurry after the ester Interchange reaction in 
which monomers are formed. The partides can, for 
example, be added as a slurry in the glycol firom which 
the polyester is formed prior to the commencement of 
the polycondensatlon. 

The polymer useful in the manufacture of a film of 
a synthetic linear polyester is well known to those skil- 
led in the art and may be obtained by condensing one 
or more dicarboxylic acids or their lower alkyi (up to 6 
carbon atoms) diesters, eg terephthalic acid, isoph- 
thalic acid, phthalic acid, 2.5-, 2,6- or 2,7- 
naphthalenedicarboxylic acid, succinic acid, sebacic 
add, adipic acid, azelaic add, 4,4'-dlphenyldicar- 
boxylic add, hexahydroterephthallc acW or 1,2-bis-p- 
cartx>xyphenoxyethane (optionally with a 
monocarboxylic acid, such as prvalic acid) with one or 
more glycols, eg ethylene glycol, 1,3-propanedio!, 
1,4-butanedk>l. neopentyl glycol and 1,4-cyc- 
lohexanedimethanol. 

The polyester film prepared from the composition 
according to the present invention may be uniaxially 
or biaxially oriented, but is preferably biaxially orien- 
ted by drawing in two mutually perpendicular direc- 
tions in the plane of the film to achieve a satisfactory 
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combination of mechanical and physical properties. 
Preferably, the film is biaxially oriented by sequential 
stretching in two mutually perpendicular directions, 
typically at a temperature In the range of 70'' to 250^C. 
Such stretching is described in many patents, include s 
ing British Patent No 838,708. These techniques are 
well known to those skilled in the polyester film man- 
ufacture art 

A conventional coating medium may optionally be 
applied to the polyester film. Such coatings are cus- io 
tomarily added to improve the adhesive or anti-static 
properties. The chemical compositions of these coat- 
ings are well known to those skilled In the art and are 
described in numerous patents and publications. The 
coating medium may be applied to a unlaxlally orien- is 
ted or a biaxially oriented film substrate. In a simul- 
taneous biaxially oriented stretching process, the 
coating medium Is suitably applied to the substrate 
either before commencement or after conclusion of 
the stretching operation. In a sequential biaxially 20 
oriented stretching process, preferably the coating 
medium is applied to the film substrate between the 
two stretching stages le between the longitudinal and 
transverse stretchings of a biaxial stretching oper- 
ation. Such a sequence of stretching and coating is 25 
especially preferred for the production of a coated 
polyethylene terephthalate film. Preferably the film is 
first stretched in the longitudinal direction over a 
series of rotating rollers, then coated with the coating 
medium, and lastiy stretched transversely in a stenter 30 
oven, preferably followed by heat setting of the coated 
film. 

The optional coating medium may be applied to 
the polyester film as an aqueous dispersion or solu- 
tion In an organic solvent by any suitable conventional 35 
coating technique such as by dip coating, reverse rol- 
ler coating or slot coating. 

The temperatures applied to the coated film dur- 
ing the subsequent stretching and/or heat setting are 
effective in drying the aqueous medium, or the solvent 40 
in the case of solvent-applied compositions, and also 
in coalescing and forming the coating into a continu- 
ous and untfomi layer. 

A preferred adhesion coating or layer for the 
polyester film according to the invention is manufac- 4S 
hired from film-forming adhesion layer polymers pro- 
viding superior adhesion properties. Suitable 
adhesion layer polymers comprise at least one mono- 
mer derived from an ester of acrylic acid, especially an 
alkyi ester where the alkyi group contains up to ten so 
carbon atoms such as methyl, ethyl, n-propyl, isop- 
ropyl, n-butyl. isobutyl. terbutyl, hexyl, 2-etylhexyl, 
heptyl, and n-octyl. Polymers derived from an alkyi 
acrylate. for example ethyl acrylate and butyl acrylate, 
together with an alkyi methacrylate are preferred. 55 
Polymers comprising ethyl acrylate and methyl 
methacrylate are particularty preferred. The acrylate 
monomer is preferably present in a proportion in the 



range of 30 to 65 mole %, and the methacrylate mono- 
mer is preferably present in a proportion in the range 
of 20 to 60 mole%. 

Other monomers which are suitable for use in the 
preparation of the adhesion layer polymer, which may 
be preferably copolymerised as optional additional 
monomers together with esters of acrylic acid and/or 
methacrylic acid, and derivatives thereof, include 
acrylonitrile, methacrylonitrile, halo-substituted 
acrylonitrile, halo-substituted methacrylonitrile, 
acrylamide, methacryl amide, N-methylol acrylamide, 
N-ethanol acrylamide, N-propanol acrylamide, N- 
methacrylamide, N-ethanol methacrylamide, N-me- 
thyl acrylamide, N-tertiary butyl acrylamide, 
hydroxyethyl methacrylate. glycidyl acrylate, glycidyl 
methacrylate, dimethyiamino ettiyl methacrylate, 
itaconic acid, itaconic anhydride and half esters of 
Itaconic acid. 

Other optional monomers of the adhesion layer 
polymer include vinyl esters such as vinyl acetate, 
vinyl chloracetate and vinyl benzoate, vinyl pyridine, 
vinyl chloride, vinylidene chloride, maleic acid, maleic 
anhydride, styrene and derivatives of styrene such as 
chtoro styrene, hydroxy styrene and alkylated 
styrenes, wherein the alkyi group contains from one 
to ten carbon atoms. 

A preferred adhesion layer polymer is derived 
from 3 monomers: (1) 35 to 60 mole % ethyl acrylate, 
(2) 30 to 55 mole % methyl metiiacrylate, and (3) 2 to 
20 niole % methacrylamide. 

The molecular weight of the adhesion layer 
polymer can vary over a wide range, but is preferably 
within the range 40,000 to 300,000, and more prefer- 
ably within Uie range 50,000 to 200,000. 

If desired, the optional coating composition may 
also contain a cross-linking agent which functions to 
form cross-links within the coating layer thereby 
improving adhesion to the polymeric film substrate. 
Additionally, the cross-linking agent should preferably 
be capable of internal cross-linking in order to provide 
protection against solvent penetration. The cross- 
linking of cross-linkable coating compositions can be 
achieved at the conventional sb-etching and/or heat- 
setting temperatures. Suitable cross-linking agents 
may comprise epoxy resins, alkyd resins, amine deri- 
vatives such as hexamethoxy methyl mel amine, 
and/or condensation products of an amine, eg 
melamine, diazine, urea, cydicethylene urea, cyclic 
propylene urea, thiourea, cydicethylene thiourea, 
alkyi melamines, aryl melamines, benzo guanamines, 
guanamines, alkyi guanamines and aryl guanamines, 
with an aldehyde, eg formaldehyde. A useful conden- 
sation product is that of melamine with formaldehyde. 

The condensation product may optionally be 
alkoxylated. The cross-linking agent may be used in 
amounts of up to 25% by weight based on the weight 
of the polymer in the optional coating composition. A 
catalyst is also preferably employed to facilitate 
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cross-linking action of the cross-linking agent Prefer- 
red catalysts for cross-linking melamine formal- 
dehyde include anrunonium chloride, ammonium 
nitrate, ammonium thiocyanate, ammonium dihydro- 
gen phosphate, ammonium sulphate, diammonium 
hydrogen phosphate, para toluene sul phonic acid, 
maleic acid stabilised by reaction with a base, and 
morpholinium para toluene sulphonate. 

Preferably, the uncoated polyester film of this 
invention is manufactured so that it has a thickness of 
about 98 to 500 gauge. 

The coating layer is preferably applied to the 
polyester film at a coat weight within the range 0.1 to 
10 mgdnrr^ especially 0.5 to 2.0 mgdm-2 

The ratio of the thickness of the polyester sub- 
strate to the thickness of the coating layer can vary 
within a wide range, although the thickness of the 
coating layer preferably should not be less than 
0.004% nor greater than 10% of that of the substrate. 
In practice, the thickness of the coating layer is desi- 
rably at least 0.01 micron and preferably should not 
exceed about 1.0 micron. 

Prior to deposition of the coating layer onto the 
polyester substrate, the exposed surface thereof may, 
if desired, be subjected to a chemical or physical sur- 
face-modifying treatment to improve the bond be- 
tween that surface and the subsequently applied 
coating layer Modification of the substrate surface 
may for example be by flame treatment, ion bombard- 
ment, electron beam treatment or ultra-violet light 
treatment. A prefenred treatment, because of its sinv 
piicity and effectiveness is to subject the exposed sur- 
face of the substrate to a high voltage electrical stress 
accompanied by corona discharge. Altematively. the 
substrate map be pretreated with an agent known in 
the art to have a solvent or swelling action on the sub- 
strate polymer. Examples of such agents, which are 
particulariy suitable for the treatment of a polyester 
substrate, include a halogenated phenol dissolved In 
a common organic solvent, eg a solution of p-chloro- 
m-cresol, 2,4-dichlorophenol, 2.4,5- or 2,4,6-trichloro- 
phenol or 4-chlororesorcinol in acetone or methanol. 

The optional coating layer may be applied to one 
or both surfaces of the polyester substrate, and one 
or both coating layers may be subjected to coating 
with additional material. The function of the original 
coating layer may thus be as a primer layer to aid the 
subsequent deposition of additional coating layer(s). 

The one or more polymeric layers of the polyester 
film substrate and any optional coating layers used to 
form a composition may conveniently contain any of 
the additives conventionally employed in the marf- 
ufacture of thermoplastics polyester films. Thus, such 
agents as dyes, pigments, voiding agents, lubricants, 
anti-oxidants, anti-blocking agents, surface ac^e 
agents, slip aids, gloss-improvers, prodegradants, ul- 
tra-violet light stabQisers, viscosity modifiers and dis- 
persion stabilisers may be incorporated in the 



polyester film substrate and/or coating layer(s), as 
appropriate. 

The invention can be better understood by refer- 
ring to the following specific examples which teach the 
5 several embodiments of this invention. 

Example 1 

Commercially solid glass spheres, sold by Pot- 
to ters Industries Inc as SPHERIGLASS E250P2BH 
having a particle size distribution of 99.9 percent 
below 7.2 microns, 75 percent below 5 microns and 
50 percent below 2.0 microns and an average particle 
size of 2.2 microns (D50 = 2.2 microns) were mixed 
15 with ethylene glycol to form a slurry having a 1.0% 
solid. The slurry was mbced under high shear in a 5 
gallon Ross Mixer for one hour. The mixed slurry was 
pumped into the bishydroxyethylene terephthalate 
(monomer) that is used in the commercial preparation 
20 of polyethylene terephthalate. The glass spheres 
were added in quantities such that 6 ppm were found 
in the resulting extruded film. After the addition of 
glass spheres, conventional polymerisation catalysts 
were added to the reaction mixture. The resulting PET 
25 polymer was extruded onto a cooled quenched sur- 
face and biaxially oriented by conventional film man- 
ufacturing techniques. The molten monomer was then 
polymerised at 285*> - 290^C at a pressure of about 0.5 
millimetres of mercury. The resulting polyethylene 
30 terephthalate was cooled and converted to chips. 

The dried chips were then extruded at 285"^ into 
film and then biaxially oriented by stretching in sequ- 
ence in mutually perpendicular directions at draw 
directions of about 2.9:1 in each direction followed by 
35 heat setting at 225**C. The resulting filled film product 
had a total thickness of 200 gauge and was evaluated 
for optical properties as compared to an identical unfil- 
led 200 gauge film made of the same polyester 
polymer and manufactured by the same procedure. 
40 Both fllnr^ had an extremely low bulk haze of 0.25% 
as measured by the Gardner Hazemeter. In addition 
to excellent clarity, the filled polyester film had excel- 
lent gloss. The filled film was also evaluated for wind- 
ing characteristics and found to produce smooth mill 
45 rolls at high winding speeds with no ot>servable inter- 
facial sticking surface blemishes such as arrowheads, 
blocking pimples, needles, or telescoping. The filled 
film was metallised with aluminium using conven- 
tional techniques and the aluminium surface was 
so found to have no speckles. 

Example 2 

A second filled biaxially oriented polyethylene 
55 terephthalate (polyester) film was prepared by the 
procedures of Example 1 but varied by incorporating 
6 ppm of the glass spheres used in Example 1 and 
165 ppm fumed silica, Aerosil OX50 sold by the 
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DeGussa Company. The fumed silica had a discrete 
particle size of 0.050 microns. Ethylene glycol slurries 
of the fumed silica and the glass spheres were prep- 
ared in a Ross high speed mixer at concentrations of 
4% and 1% solids, respectively. The slurries were s 
added to the molten monomer. The molten monomer 
was then polymerised at 285'' -290''C at a pressure of 
about 0.5 millimetres of mercury. The resulting 
polyethylene terephthalate was cooled and converted 
to chips. 10 

The dried chips were then extruded at 285°C into 
film and then biaxially oriented by stretching in sequ- 
ence in mutually perpendicular directions at draw 
directions of about 2.9: 1 in each direction followed by 
heat setting at 225*^0 having a thickness of 200 is 
gauge. The film was evaluated for winding and optical 
characteristics and was found to exhibit excellent opti- 
cal and winding performance. Compared to the unfil- 
led film prepared in Example 1, there was a slight 
depreciation in film clarity (0.3% for 200 gauge film 20 
versus 0.25% in Example 1) but stm the clarity was 
excellent. 

Example 3 

25 

Another filled biaxially oriented polyethylene 
terephthalate (polyester) film was prepared by incor- 
porating 3 ppm of the glass spheres used in Example 
1 and 83 ppm of the fumed silica used in Example 2. 
Ethylene glycol slurries of the fumed silica and the 30 
glass sphere were prepared in a Ross high speed 
mbcer at concentrations of 4% and 1% solids, respect- 
ively. The slurries were added to the molten mono- 
mer. The molten monomer was then polymerised at 
285^-290*'C at a pressure of about 0.5 millimetres of 35 
mercury. The resulting polyethylene terephthalate 
was cooled and converted to chips. 

The dried chips were then extruded at 285®C into 
film and then biaxially oriented by stretching in sequ- 
ence In mutually perpendicular directions at draw 40 
directions of about 2.9:1 in each direction followed by 
heat setting at 225''C having a thickness of 200 
gauge. The film was evaluated for winding and optical 
characteristics and was found to exhibit excellent opti- 
cal and winding performance. Compared to the unfll- 4S 
led fflm prepared in Example 1 , the clarity was almost 
identical and good winding characteristics were 
obtained. 

Example 4 so 

Example 3 was repeated except that 6 ppm of 
commercially solid glass spheres, sold by Potters 
Industries Inc as SPHERIGLASS E250P2BH and 165 
ppm of Cab-o-sil L90 (primary particle size 27 nm, and 55 
average agglomerate sfee = 220 to 250 nm) sold by 
Cabot Corporation were used as the filler. Again, film 
was obtained that had excellent optical clarity and 



good winding characteristics. No "speckle" was 
observed after metallising the film with aluminium and 
also with gold. 

Example 5 

Films produced in Examples 1 through 3 were 
coated on one side with a conventional antistatic coat- 
ing composition. Films were obtained with excellent 
clarity, good winding and antistatic properties. No 
"speckle" was observed after metallising the 
uncoated side of the film with aluminium and also with 
gold. 

Example 6 

Films produced in Examples 1 through 3 were 
coated on one side with a conventional adhesion 
promoting coating. Films were obtained that had good 
clarity, good winding and good adhesion properties. 
No "speckle" was observed after metallising the film 
on the uncoated side with aluminium and also with 
gold. - . . ^ , 



Claims 

1. A film of a linear polyester containing glass 
spheres having an average particle size of about 
2 to about 3 microns and a particle distribution of 
99.9 percent below about 8 microns, 75 percent 
below about 5 microns and 50 percent below 
about 2 microns in an amount that ranges be- 
tween about 1 part per million to about 30 parts 
per million based upon the weight of the film of 
linear polyester. 

2. A film according to claim 1 wherein the weight 
range of the glass spheres is between about 3 
parts per million and about 30 parts per million. 

3. A film according to either one of claims 1 and 2 
wherein the weight range of the glass spheres is 
between atx>ut 6 parts per million and about 20 
parts per million. 

4. A film according to any one of the preceding 
claims wherein the film additionally comprises 
fumed silica having a discrete particle size dis- 
tribution of 100 percent below 1 micron with the 
average discrete parfa'de size ranging between 
about 0.10 to about 0.50 microns in an amount 
that ranges between about 0.01 to about 0.02 per- 
cent by weight based upon the weight of the film 
of linear polyester. 

5. A film according to daim 4 wherein the discrete 
particle size distribution of the fumed silica is 100 



6 



11 EP 0 486 225 A2 12 



percent below 1 micron with the average discrete 
particle size being in the range between about 
0.20 microns to about 0.40 microns. 

A film according to either one of claims 4 and 5 5 
wherein the discrete particle size range distribu- 
tion of the filmed silica is 100 percent below 1 
micron with the average discrete particle size 
being in a range between about 0.25 to about 
0.35 microns. io 

A film according to any one of claims 4 to 6 whe- 
rein the amount of fumed silica that is present in 
the film ranges between about 0.015 to about 
0.01 8 percent by weight based upon the weight of is 
the film. 

A film according to any one of the preceding 
claims wherein the film is of a thickness of about 
48 gauge to about 500 gauge. 20 

A film according to any one of the preceding 
claims wherein the glass spheres have an etched 
surface. 



10. A film according to any one of the preceding 
claims wherein the film comprises biaxtally orien- 
ted polyethylene terephthalate. 



25 



30 



35 



40 



45 



so 



55 



7 



